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Most orthopedic drills currently on the market are rudimentary tools that serve only one purpose: 
to drill holes through bone. Biosphinx envisions a more versatile orthopedic drill that could serve 
multiple purposes in the operating room. This report outlines Biosphinx’s solution to design a new 
orthopedic drill system that would include several key features to improve bone screw length 
measurement, increase patient safety, and reduce time spent in the operating room.  
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1. Introduction 
1.1 Problem Definition 
Orthopedic drills are important tools used by surgeons to drill holes into bone so that orthopedic 
screws can be implanted. Screws may be necessary for the surgical repairing of either fractured 
bones or damaged ligaments. Two approaches can be taken when fixing a fracture. An external 
device, such as a cast, can be used to protect the area and fixate the limb to allow for healing. The 
other approach is to internally fixate the bone with various forms of hardware, such as screws and 
plates. The advantage of internally stabilizing the bone with something like a metal plate is that 
the bone can be returned to its original position before the healing process begins.[1]  When 
repairing damaged ligaments, cartilage grafts must often be attached in place of the damaged 
ligament with screws attaching the ends of the graft to the correct sites on the bones.[2] The basic 
drill system is comprised of a power source, a drill, and a drill bit. The current system safely drills 
into bone, works with various sized drill bits, and is able to be sterilized.[1]  
It is essential that the surgeon uses the correct length screw for each hole during surgery. For a 
successful surgery, the fractured bones need to be properly aligned and the damaged ligaments to 
be tightly attached. For these outcomes to happen the screws must fit properly into the pre-drilled 
holes. The holes will often be different lengths depending on the particular bone being drilled into, 
the patient’s bone mass, and the angle at which the surgeon needs to drill. Guides to surgical 
equipment show that screws generally increase in length by increments of 2mm except for a couple 
of the smallest screws.[3] The designed solution needs to be able to be accurate enough to choose 
the right length screw. If the screw is too short, then there might not be sufficient contact between 
the bone and screw to hold the screw in place. If the screw is too long, then it may protrude into 
the surrounding tissue and cause damage.[4] The current method of measuring bone depth is to 
remove the drill bit from the hole and use a depth gauge that hooks the far end of the hole and 
allows the surgeon to measure the depth.[5] Properly hooking the far end of the wall is difficult and 
it is quite possible to hook part of the bone at the wrong spot and thus get a wrong measurement. 
Trying to get an accurate measurement often requires the surgeon to make multiple measurements 
which is less than ideal considering all work is being done while the patient is under anesthesia and 
time is limited.[4] Two suggested solutions to the problems of the depth gauge are to either use 
medical imaging or a new measurement tool that utilized a measuring wire that hooked over the 
hole. Medical imaging would look at the bone and allow the surgeon to see how far they need to 
drill or how far they have already drilled. While it may be easier to make an accurate measurement, 
 5 
 
the problem with this solution is that it further increases time in the operating room which will not 
be accepted.[6,7] The bi-axial hook is supposed to be easier to use, however, testing showed that 
the design was too long for use on numerous parts of the body and was not significantly easier to 
use.[4,8] 
A variety of drill bits are used for surgery. They differ by diameter, cutting face, helix angle and 
drill point.[1] A major challenge that arises from the use of these drill bits is that they can cause 
thermal bone necrosis. This happens when the bone around the tunnel is damaged by overheating 
of the cells. It is generally accepted that bone begins to burn after a minute-long exposure to a 
temperature of 47°C. Preventing thermal bone necrosis is important because damage to the bone 
can compromise the viability, the structure and the mechanical properties. As a result, the healing 
process can be slowed and even fail. The effectiveness of an implanted screw relies on the ability 
for bone to interact and grow around the grooves. Osteonecrosis, or bone cell death, is one of 
primary causes of screw loosening.[9] Attempts have been made to use an external coolant to reduce 
heat generation. One study from the Surgical and Orthopaedic Research Laboratories at the Prince 
of Wales Clinical School in Sydney, Australia used an external saline coolant that was applied to the 
drilling spot. This research team desired to demonstrate and model the effectiveness of using 
coolant to decrease temperature of the surrounding bone. There was a significant temperature 
decrease for the local bone during drilling, but while the effectiveness of the saline was shown for 
light drilling, the effectiveness remains to be seen on deeper and longer procedures.[10] There is 
also the problem of the saline coolant getting in the way of drilling and causing a splash hazard in 
the operating room. When there is coolant running off of the patient and being sprayed around it 
can jeopardize the medical staff and electrical equipment in the room. A novel cooling mechanism 
for the drill and drill bit is still desired for decreasing heat generation and making a safe and 
marketable drill system. 
A difficulty that many surgeons face is knowing when to stop drilling. The act of plunging is when 
the surgeon drills too far and the drill bit penetrates the underlying soft tissues. Plunging can have 
significant consequences on the surgery by damaging the soft tissue, vasculature, and nerves within 
or around the bone.[11] It would be beneficial to the overall success of the surgery and in the 
interest of patient safety to design a mechanism that stops forward progress of the drill after the 
drill bit reaches the edge of the cortex of bone. One new drill being developed is the Intellisense 
drill. This drill has the technology to sense when it has reached the far cortex of bone and stop drill 
bit rotation. A potentially dangerous problem with current design is that even though drill bit 
 6 
 
rotation has stopped, plunging can still occur.[12] Improvements on drill design to have a safety 
stop mechanism are strongly desired for making a safer, easier to use drill system. 
1.2 Goals and Objectives 
There are three goals for this new orthopedic drill system design. Developing a drill system that can 
measure the depth of the drill hole and in turn the necessary screw length is the first goal of this 
project. BioSphinx seeks to measure the screw length with a tolerance of 0.5mm, which will ensure 
proper fitting of the screw and increase the chances of a successful procedure. In addition, a 
measuring system would not only reduce OR time, but also reduce money wasted on incorrect screw 
measurements.  
Incorporating a cooling mechanism for the drilling site was the second goal for the design of the 
new orthopedic drill system. Overheating poses a number of problems during drilling and can lead 
to damage to the bone and surrounding tissues. BioSphinx seeks to keep the drill bit temperature 
below 47°C, which is the thermal bone necrosis threshold. This will ultimately help increase the 
success rate of these types of procedures and prevent damage to the patient.   
Developing a drill stopping mechanism was the third goal for the design of the new orthopedic drill 
system. Plunging is a major problem during drilling, however a drill stopping mechanism would 
prevent this phenomenon. BioSphinx seeks to be able to stop advancement of the drill bit within 
0.5mm after breaching the bone cortices. This will improve the safety during drilling by preventing 
damage to the surrounding soft tissue and vasculature. Since the Intellisense drill has already started 
developing a safety stop mechanism, BioSphinx has decided to focus more on the measuring and 
cooling goals for this project, while considering a stopping mechanism in future work. However, it 
is our hope that although the prototype drilling sleeve will not be able to completely eliminate 
plunging, the real time depth measurements will help the surgeon minimize plunging. 
 
2. Design 
BioSphinx has designed a new orthopedic drill system that measures hole depth in real time and 
cools the drilling site. The feature that makes this drill system unique and that makes both of these 
tasks  possible is the drilling sleeve.  
2.1 Drill Sleeve Purposes 
The first purpose of this new drilling sleeve feature is to provide an accurate real time reading of 
the drilling depth. This will allow the surgeon to know exactly how far he or she has drilled into the 
bone throughout the drilling process. This will also eliminate the need for surgeons to go through 
the time consuming process of measuring hole depth with a second tool after the hole has been 
completed. Since the sleeve will provide continuous depth readings, the surgeon will know exactly 
how deep the hole is the instant it is completed without requiring a second tool. The sleeve will 
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ultimately allow surgeons to perform more efficiently in the operating room by producing accurate 
and precise needed screw length measurements in a simpler and more time efficient manner.  
The second purpose of the drilling sleeve is to safely cool the drilling site in order to prevent thermal 
bone necrosis. This will increase patient safety by ensuring the drilling site does not overheat. If a 
drill bit overheats the drilling site, it could potentially cause permanent damage to the patient’s 
bone. The drilling sleeve will provide an avenue for nitrogen to be delivered directly to the drill 
site. This will safely cool the drilling site, without creating a splash hazard, thus establishing a safer 
operating room experience for both the patient and the surgical team.  
2.2 Theoretical Design  
The preliminary design of our new drill system featured a drilling sleeve that allowed the surgeon 
to see the hole depth reading through a viewing window on the side of the drill. The design does 
not feature any changes to the drill bits themselves because their parameters such as material, 
diameter, and flute angle have already been optimized [1]. This would allow the new drill system 
to be compatible with drill bits already available in hospitals. Figure 1 shows a depiction of the 
preliminary drill system design which includes an electrical power supply, nitrogen input, and a 
viewing window to allow the surgeon to track the displacement of the sleeve during drilling. 
Ultimately the viewing window was not incorporated into the prototype design due to its added 
manufacturing costs and concerns about its sterilizability. 
   
 
Figure 1 – Drawing of the preliminary drill system and all of its parts 
150 mm 
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2.3 Prototype Design 
BioSphinx’s prototype design features two concentric cylinders that simulate the new drill system 
design. The smaller cylinder, with an outer diameter of 42 millimeters, represents an elongated 
stationary part of the body of the drill. The larger cylinder, with an inner diameter of 42.05 
millimeters, represents the actual sleeve that will be moving during drilling. Despite having 
different diameters, both cylinders are 1 millimeter in thickness. The 0.05 millimeter difference in 
diameter will provide just enough friction to hold the cylinders in place while the drill is not being 
used, but they will still be able to slide freely when there is an applied force.  
 
Figure 2 – CAD drawing of a front view of the two cylinders to be used in prototype design 
Figure 3 shows the side view of the two cylinders, which are both 91mm in length. This length was 
chosen because with the 150mm drill bit and the 16mm extension of the drill, the sleeve needed to 
cover a total of 166mm. We made the sleeves 91mm instead of 83 mm because the extra 8 
millimeters will keep the two cylinders connected while at full extension.  
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Figure 3 – CAD drawing of a side view of the two cylinders to be used in the prototype design 
The prototype sleeve, pictured in Figure 4, was manufactured by Metal Supermarkets based on these 
CAD drawings. 
Figure 4 - Prototype Drilling Sleeve manufactured by Metal Supermarkets. Measurement markings 
added by Team BioSphinx after manufacturing. 
These aluminum cylinders kept in stock at Metal Supermarkets had similar dimensions as our CAD 
drawings. The cylinders were cut to be 100mm in length and the diameters were within 1-2mm of 
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our CAD drawings. Although the dimensions were not exactly what was outlined in our drawings, 
these cylinders were used for the prototype because they were the most cost and time efficient 
option. The two cylinders still had the 0.05mm difference in diameter which allowed for the 
telescoping idea to work.The markings for the displacement meter were measured out on a piece 
of paper then transferred on to the sleeve using a Sharpie. This prototype was used for both the 
depth measurement and the cooling testing. Figure 5 shows the prototype drilling sleeve attached 
to the drill. 
 
Figure 5 - Drill system prototype with drilling sleeve feature  
2.4 How Drill System Measures Depth 
Hole depth is measured by the simple displacement meter on the drill sleeve. The sleeve will begin 
at rest on the surface of the bone prior to drilling. The meter, engraved in the steel body of the 
drill, will remain in place during the drilling process. However, as the drill moves down into the 
bone, the sleeve will slide up over the displacement meter. The sleeve will indicate the depth of 
the hole being drilled by how far it travels up the displacement meter. Since the sleeve continuously 
slides during drilling, it will allow the surgeon to continuously monitor the distance the depth of the 
hole. After the hole has been drilled to completion, the surgeon must only glance at the 
displacement meter to determine the proper length of screw needed to be placed in the bone.  
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2.5 How Drill System Cools Drilling Site 
The drill sleeve will serve as an avenue for nitrogen gas to be delivered to the drill site. The nitrogen 
will be delivered from a tank in the operating room then run internally through the drill before 
exiting through the sleeve. As the gas exits the tank, it will undergo a pressure change to 
atmospheric pressure and expand into the space around the drill bit. The temperature drop created 
by the nitrogen expansion will be approximately 5°C. This will help keep the temperature at the 
drilling site to stay below the thermal bone necrosis threshold of 47°C. Nitrogen expansion was 
chosen as the method for cooling the drill bit for multiple reasons. Nitrogen is already a standard 
feature in operating rooms, so its availability made it an appealing resource to use for cooling. 
Based on our calculations with Dr. Uline using an enthalpy-temperature diagram, the conditions of 
our system’s nitrogen expansion should give us an appropriate temperature drop to keep the 
temperature at the drilling site below 47°C. Nitrogen cooling is also a desired method because it 
does not create a splash hazard like other cooling methods such as saline.  
2.6 Budget  
Table 1 - Budget of all materials and supplies needed for testing the drilling sleeve prototype 
Material USC Funding Dr. Jackson Funding 
Nitrogen Tank and Gas $0 $50 
Used Drill Bits $0 $0 
Power Drill x2 $0 $0 
Pig Bones x10 $0 $50 
Metal Workshop $0 $8 
Electronic Caliper $0 $0 
Infrared Thermometer $0 $20 
TOTAL $0 $128 
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Nitrogen Tank and Gas: By using nitrogen expansion, the tank and nitrogen gas will be used to cool 
the drill bit to prevent thermal bone necrosis.  The tank contains 22 cubic feet of nitrogen gas. 
Used Drill Bits: The drill bits will be provided from previous surgeries that will be recovered from 
the orthopedic operating room.  The bits will be sterilized before being given to us. 
Power Drills: Two power drills have been used for the creation of BioSphinx’s orthopedic drill.  The 
first drill was taken apart to be able to view the inner workings of a power drill to gain a greater 
understanding of how a drill functions.  The second power drill is used for the experimental testing 
for the proof of concepts. 
Pig Bones: Fresh pig bones will be used to mock human bones during BioSphinx’s experiments.  The 
bones will be obtained from a butcher’s shop so that they are as fresh as possible. 
Metal Workshop: The manufacturing of the drill sleeve was done by the metal shop, Metal 
Supermarkets.  Here, two premade hollow cylinders of the desired radius and thickness were already 
in stock at the workshop.  The workshop then cut the hollow cylinders to our desired length. 
Electronic Caliper: These will be used to help with measuring the depth of the holes that the drill 
makes, it will also be used to make sure that the hole size is within the 0.5mm tolerance as required 
by Dr. Jackson.  The electronic caliper was provided by William Torres, a Teacher’s Assistant in the 
Senior Design program. 
Infrared Thermometer: The infrared thermometer will be used to measure the temperature of the 
drill. The thermometer will provide instant readings of the drill temperature so we can ensure the 
drill bit does not get too hot and cause thermal bone necrosis.  Analysis of tests using the 
thermometer will allow us to determine if nitrogen expansion or a change in metal material for the 
drill bit will be needed in order to properly cool the drill bit. 
 
2.7 Alternative Solutions 
Before settling on the final design of the prototype, BioSphinx investigated an alternative design 
solution. This solution, as seen in Figure 6, implemented a three sleeve telescoping design. The 
three sleeves design was originally proposed to accommodate for the varying drill bit lengths. 
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Figure 6 – preliminary drawing of first drill sleeve design with 3 cylinders connected in a telescoping 
manner   
The bottom sleeve would rest on the bone while the other two sleeves move freely during drilling. 
The measuring system would consist of a measuring stick connected to the bottom sleeve and a 
window with measurement lines every millimeter. As the drill moved down, the measuring stick 
would indicate the depth. The three sleeve idea with the measuring stick was eventually discarded 
because the current design is simpler, easier to manufacture, more cost effective, and easily 
sterilizable. 
 
3. Methodology 
3.1 Depth Measurement Testing  
The drill system prototype was tested to see how accurately it measures the depth of holes in bone. 
The materials used for this test were the drilling sleeve prototype, pig bones, and an electronic 
caliper. First, the drill with the drilling sleeve prototype was used to drill a hole through the bone, 
using the final reading on the displacement meter on the sleeve to measure hole depth. Then the 
calipers were used to measure the distance that the drill plunged past the end of the bone. The 
plunging depth was then subtracted from the depth reading on the sleeve. This was done in order 
to simulate ideal conditions where the drill system has a stopping mechanism that prevents plunging 
from occurring. The decision to simulate conditions where there was no plunging was made because 
the goal of this test was solely to determine the accuracy and precision of the measurements of 
hole depth produced by the drill sleeve, not plunging depth. After the hole was completed, the 
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electronic caliper was used to measure the actual width of the bone as a control measurement. This 
procedure will then be repeated for a total of thirty trials on bones of varying widths. The objective 
of this test was to determine if the drilling sleeve prototype could accurately measure hole depth 
within 0.5mm. 
 3.2 Drill Bit Cooling Testing 
The drill system prototype was also tested to see how effectively it can cool the drilling site. The 
materials needed for testing were the drilling sleeve prototype, pig bone, a tank of nitrogen gas, 
and a laser thermometer. First, the drill was used to make thirty holes through pig bone without 
the sleeve attachment. Second, the drill with the drilling sleeve prototype was used to make an 
additional thirty holes through pig bonet.  Finally, the drill with the drilling sleeve prototype was 
used to create thirty holes through pig bone while nitrogen was pumped to the drilling site. In each 
trial, the laser thermometer will be used to monitor the temperature of the drilling site at the 
beginning, middle, and end of the drilling process.  The initial and final temperatures, as well as 
the maximum temperature reached at any point during the drilling process, were recorded. The 
objective of this test was to ensure the temperature at the drilling site is kept below the thermal 
bone necrosis threshold of 47°C.  
3.3 Plunging Comparison 
Although the drilling sleeve prototype does not have a stopping mechanism that would eliminate 
plunging, BioSphinx decided to investigate whether or not the drilling sleeve prototype would at 
least help minimize plunging. The reason behind investigating this theory was that if the surgeon 
could track hole depth during drilling using the displacement meter, he or she would have a better 
idea of when plunging is about to occur. This would allow them to slow their drilling down and begin 
preparing to minimize plunging. This theory was tested by drilling thirty holes in the pig bone, using 
only the drill without the drilling sleeve prototype. After each hole was completed, electronic 
calipers were used to measure the plunging depth. The plunging depths from this trial were 
compared to the plunging depths from the trials in which the drilling sleeve was used to measure 
hole depth. The objective of this test was to determine if the drilling sleeve prototype helped 
minimize plunging distances. 
3.4 Statistical Analysis 
After testing was completed, analysis of the data was performed to determine the success of the 
drill sleeve design. For the measurement testing, depth measurements from the drill sleeve were 
compared to the measurements taken by the calipers. The difference between the two 
measurements were recorded and an average difference was calculated across all trials. The 
average difference of the drill sleeve measurements was compared to the original goal of being 
within 0.5mm of the actual depth. In addition, the percent error of each trial was determined to 
find the overall average percent error for the experiment. The drill sleeve measurements can be 
considered accurate if the average percent error is below 5%. 
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For the cooling testing, the temperature of the drilling site was continuously monitored for the 
entirety of the drilling process. The maximum temperature reached during each trial was recorded 
and compared to the starting temperature to find the temperature increase during drilling. The 
average temperature increase of the three experimental groups was analyzed using ANOVA and a 
two-sample T-test. ANOVA was conducted to determine whether there was a significant variation 
between the three experimental groups. A two-tailed T-test was conducted to determine which 
experimental groups are different from the other two. The cooling mechanism can be considered 
successful if the mean temperature increase for the sleeve with nitrogen group is found to be 
significantly different from the control and the sleeve without nitrogen group.  
In order to analyze the plunging experiment, the plunging distance was measured with and without 
the drilling sleeve prototype. An average plunging depth for each experiment group was calculated. 
A two-tailed T-test was conducted to compare the two sets of data and determine if there was a 
significant difference. The sleeve can be considered successful in reducing plunging if the average 
plunging depths are found to be significantly different.  
4. Results 
4.1 Preliminary Study of the Thermodynamics of Nitrogen Cooling 
Before pursuing the use of nitrogen expansion to cool the drilling site, preliminary thermodynamic 
calculations had to be conducted. The thermodynamics of nitrogen gas undergoing an ideal Joules-
Thomson expansion was examined by using a pressure-enthalpy chart, found Figure A1 in the 
appendix. This expansion is only a theoretical because the chart assumes the enthalpy is constant. 
This produces a change in temperature solely as a result of the change in pressure. The inlet pressure 
of nitrogen in the operating room is 160 psi, which was converted to 1.1 MPa to match the units 
used on the chart.[13] At atmospheric pressure the nitrogen will drop to 14 psi which converts to 
0.1 MPa. Working with the chart at a starting temperature of 293 K, which is room temperature, a 
drop from 1.1 MPa to 0.1 MPa will ideally cool the temperature of the drilling site by 5 °C. 
4.2 Prototype Testing: Depth Measurement 
The displacement meter on the drilling sleeve prototype was able to produce depth measurements 
throughout the drilling process. The final depth measurement from the drilling sleeve prototype 
was calculated by subtracting the plunging depth from the reading on the displacement meter. 
Across the thirty trials, the final depth measurement from the drilling sleeve prototype differed 
from the actual depth measurement by an average of 1.53 mm.   
4.3 Prototype Testing: Cooling Mechanism 
The cooling mechanism on the drill sleeve prototype was tested by examining the temperature 
increase during drilling. The temperature increase was calculated using the difference between the 
starting temperature and the maximum temperature measured. The average temperature increase 
was determined for three experimental groups; control (no sleeve), sleeve without nitrogen, and 
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sleeve with nitrogen (Table 2). The average temperature increase for the sleeve with nitrogen group 
was found to be the lowest at 4.035°C. The average temperature increase for the control and sleeve 
without nitrogen was found to be 13.983°C and 10.455°C, respectively.  
 Average Temperature Increase (°C) 
Control (No Sleeve) 13.98333333 
Sleeve without Nitrogen 10.455 
Sleeve with Nitrogen 4.035 
Table 2 - Average temperature increase for the control, sleeve without nitrogen, and sleeve with 
nitrogen experimental groups.  
4.4 Prototype Testing: Plunging Comparison 
The drilling sleeve prototype was tested for its ability to minimize plunging depths. The first set of 
thirty plunging depths was recorded during trials when the drilling sleeve was not used. The second 
set of thirty plunging depths was recorded during trials when the drilling sleeve was being used. The 
average plunging depth when the drilling sleeve was not used was 21.352 mm. The average plunging 
depth when the drilling sleeve was used was 11.103 mm.  
 Average Plunging Depth (mm) 
Control (Drilling without sleeve) 21.352 
Drilling with sleeve 11.103 
Table 3 - Average plunging depths for trials performed without drilling sleeve and with drilling 
sleeve 
4.5 Statistical Analysis  
Statistical analysis was conducted to examine the data collected from the depth measurement, 
cooling mechanism, and plunging comparison experiments.  A significance level of .05 was used for 
all calculations and analyses. For the depth measurement testing, the average difference between 
the measurement from the drill sleeve and the actual measurement taken with a caliper was 
calculated. The percent error was determined for each trial to find the overall average percent 
error for all 30 trials, which was found to be 4.32%. Although the average difference of the drill 
sleeve and actual depth was higher than the objective of .5mm, the overall percent error for the 
drill sleeve was under 5%, which suggests the measuring system was accurate in determining hold 
depth.   
To analyze the cooling mechanism experiment, the average temperature increase was calculated 
for the three experimental groups. These values were compared using ANOVA to determine if there 
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was a statistically significant difference between the averages. The results from the ANOVA test 
were found to be a F-value of 18.54, a Fcritical value of 3.13, and a p-value of 3.91E-7. Since the F-
value was greater than the Fcritical, BioSphinx rejected the null hypothesis, meaning the three 
experimental groups were statistically different. Before the T-test could be conducted, initial 
calculations using an F-test found the variances were different between each group, which indicated 
the need to conduct a T-test for unequal variances. Next, a two-sided T-test was conducted to 
determine which experimental group were different from the others. The results from the three 
comparison T-tests are found in Table 4. When examining the T-values and Tcritical values, a 
significant difference was found between the sleeve without nitrogen and sleeve with nitrogen 
groups and the control and sleeve with nitrogen groups. Since the Tcritical value for the control and 
sleeve without nitrogen comparison was greater than the T-value, there was no significant 
difference between the means of these groups. Based on the results from the cooling mechanism 
experiment, BioSphinx concluded that the nitrogen cooling method was successful in reducing 
temperature increases during drilling.    
 Sleeve, No N2 vs. Sleeve, N2 Control vs. Sleeve, N2 Control vs. Sleeve, No N2 
T-stat 3.63867037 8.987161611 1.739589991 
T-crit 2.085963447 2.030107928 2.034515297 
p-value 0.00163463 1.28335E-10 0.09125196 
Table 4 - Results from two-sided T-test for unequal variances between the three experimental 
groups. 
In order to analyze the plunging comparison experiment, a two-sided T-test was conducted to 
compare the average plunging depth with and without the drilling sleeve. An initial F-test 
determined that the variances are statistically similar, meaning a two-sided T-test for equal 
variances was used to analyze the plunging depth data. The results from this test resulted in a  T-
value of 9.98, a Tcritical value of 2.00, and a p-value of 3.29E-14. Since the T-value was greater than 
the Tcritical value, the average plunging values were found to be statistically different. This suggests 
that the drilling sleeve aided in reducing plunging.  
5. Future Plans 
BioSphinx’s plan moving forward in the future is to develop a stopping mechanism for the orthopedic 
drill.  The stopping mechanism will contain the ability to automatically stop once the bone has been 
breached to prevent damage to the soft tissue of the body.  With more time and resources, BioSphinx 
will be able to design and test both a mechanical and electrical stopping mechanism to determine 
which one is better suited for the final design of the orthopedic drill. 
In considering the design for a mechanical stopping mechanism, more research will go into 
developing a pendulum stopping mechanism, much like what is in a car seat belt.  When plunging, 
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there is an increase in acceleration, which would cause the pendulum to move in the opposite 
direction of the drill.  The displaced pendulum would then cause the sleeve to no longer be able to 
move, thus stopping the advancement of the drill to prevent plunging. 
For the electrical stopping mechanism, the idea was to use a piezoelectric accelerometer to 
measure when there is a shift in acceleration and to be able to stop the drill.  With more time, 
BioSphinx would be able to understand how to properly incorporate the circuitry needed for this 
task.  The piezoelectric accelerometer functions through the distortion of a piezoelectric crystal.  
As force from acceleration acts on the crystal, the deformation of crystal causes ions in the crystal 
to shift.  The shift in ions release a measurable electric current that can then be read by the 
piezoelectric accelerometer.  When more acceleration is applied from plunging, the electric current 
being produced from the crystal will increase.  This will be read by the circuitry and cause the 
sleeve system to lock up and cut power to the drill. 
Once BioSphinx has a greater understanding of how the two stopping mechanism will function, and 
the time and cost to produce, BioSphinx will be able to move forward in creating the final prototype 
of the orthopedic drill.  Both stopping mechanism have their advantages.  For the mechanical 
stopping mechanism, the drill will not require any extra power to operate, and will not require a 
strong knowledge of circuitry to design.  This will lower the cost of production.  For the electrical 
stopping mechanism, the advantage is that when a certain electrical current is reached, power will 
be shut off, thus stopping the drill from spinning, as well as locking the sleeve system.  While this 
would be more expensive to produce, it will provide more safety to the patient. 
6. Conclusions 
BioSphinx has The drill system design incorporates potential solutions for both measuring hole 
depth and cooling the drilling site. The measuring system was successful in both easily keeping a 
real time depth measurement and showing the final depth drilled. While the measuring system did 
not reach the 0.5mm threshold goal, the percent error was below 5% verifying that the 
measurements were accurate. Considering that the majority of drill bits increase in increments of 
2.0mm, and the average difference was below that value, we consider our measuring system to be 
successful. The drilling sleeve also assisted in reducing plunging depths. It was able to reduce 
plunging depths by providing the drill operator with a visual aid that showed when plunging was 
about to occur. Since the average plunging depth decreased by 10mm when the drilling sleeve was 
used, the drilling sleeve was considered to be successful at reducing plunging. The nitrogen gas 
proved to be an effective method of cooling the drilling site. The average temperature increase at 
the drilling site dropped by almost 10°C when nitrogen gas was used in conjunction with the 
drilling sleeve. Since the average temperature increase at the drilling site was only 4°C, and body 
temperature is 37°C, nitrogen was considered to be successful in keeping the drilling site 
temperature below the thermal bone necrosis threshold of 47°C. However, there were many 
limitations to this project. BioSphinx was unable to build a completely new drill system prototype 
that included a stopping mechanism, the displacement meter had to be drawn by hand and was 
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not as precise as the electronic caliper, the sleeve was unable to sit directly on bone due to its 
large size, and the pig bones were not all kept at a constant temperature because they cooled off 
during testing. If BioSphinx or another group can address these limitations in the future, a more 
versatile and efficient orthopedic drill system can be engineered that will truly address the 
deficiencies with drills currently on the market, creating a safer and more efficient operating 
room experience for all. 
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8. Appendix 
 
Figure A1 – Pressure-Enthalpy diagram for nitrogen 
 
 
Figure A2 – A zoomed in look at the Pressure-Enthalpy chart for nitrogen in our area of interest 
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Depth Measurement Data  
Trial Starting Displacement Displacement Plunging Net Actual Difference 
1 14 50 4.24 31.8 33.53 1.73 
2 12 55.5 8.64 34.86 37.33 2.47 
3 13 55 8.04 33.96 35.47 1.51 
4 12.5 59.5 9.36 37.64 36.09 1.55 
5 12.5 63 14.48 36.02 34.55 1.47 
6 11.5 63.5 19.81 32.19 33.94 1.75 
7 11 61 11.68 38.32 34 4.32 
8 12 54.5 4.82 37.68 35.51 2.17 
9 12 53 10.96 30.04 32.75 2.71 
10 11 57.8 10.88 35.92 34.42 1.5 
11 6.5 53 4.37 42.13 42.74 0.61 
12 6.5 54.5 10.96 37.04 39.12 2.08 
13 8.5 66.5 19.75 38.25 39.66 1.41 
14 10 47.5 3.82 33.68 34.7 1.02 
15 9.5 64 18.04 36.46 35.54 0.92 
16 11 53 9.08 32.92 33.86 0.94 
17 11 60 13.46 35.54 34.02 1.52 
18 11 52.5 7.57 33.93 34.23 0.3 
19 11.5 60 10.55 37.95 36.07 1.88 
20 13.5 66 15.52 36.98 36.89 0.09 
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21 12 61.5 9.64 39.86 41.36 1.5 
22 12.5 63 11.61 38.89 41.66 2.77 
23 11 52 5.79 35.21 35.09 0.12 
24 11.5 66 19.33 35.17 35.67 0.5 
25 3.5 49.5 14.43 31.57 32.89 1.32 
26 4 53.5 15.35 34.15 33.93 0.22 
27 4.5 50.5 9.92 36.08 35.19 0.89 
28 4.5 49.5 10.19 34.81 36.26 1.45 
29 2.5 45.5 5.67 37.33 34.77 2.56 
30 5 52.5 15.13 32.37 29.75 2.62 
Table A1 – A table consisting on the raw data collected from the depth measurement tests 
Raw Data for Plunging Depth 
Trial No Sleeve With Sleeve 
1 17.72 4.24 
2 17.67 8.64 
3 18.23 8.04 
4 19.26 9.36 
5 15.75 14.48 
6 27.51 19.81 
7 24.89 11.68 
8 26.33 4.82 
9 25.34 10.96 
25 
10 23.44 10.88 
11 21.36 4.37 
12 20.72 10.96 
13 23.26 19.75 
14 20.46 3.82 
15 19.93 18.04 
16 21.52 9.08 
17 22.19 13.46 
18 23.23 7.57 
19 25.57 10.55 
20 22.08 15.52 
21 18.94 9.64 
22 17.37 11.61 
23 16.89 5.79 
24 20.1 19.33 
25 16.97 14.43 
26 20.55 15.35 
27 21.76 9.92 
28 23.88 10.19 
29 25.62 5.67 
30 22.02 15.13 
Average 21.352 11.103 
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Table A2 - A table consisting of the raw data collected of plunging depths with a sleeve on the 
drill compared to a drill with no sleeve. 
Data for Cooling Control Tests 
Trial Starting Temp Max Temp End Temp Difference 
1 31.8 42.5 35.4 10.7 
2 28.6 37.4 34.2 8.8 
3 30.1 41.4 36.3 11.3 
4 29.8 41.5 35.1 11.7 
5 27.6 37.2 34.7 9.6 
6 27.6 40 31.1 12.4 
7 28.2 40.7 36 12.5 
8 30.1 38.9 33 8.8 
9 29 46.2 31.7 17.2 
10 33.5 39.4 34.2 5.9 
11 28 42.8 33 14.8 
12 28.1 42.9 35 14.8 
13 28.8 44.3 34.6 15.5 
14 30.5 43.9 35.6 13.4 
15 29.1 40.8 33.1 11.7 
16 29.7 36.4 28.1 6.7 
17 27.7 38.6 32.4 10.9 
18 27.7 33.2 27.8 5.5 
19 27.2 36.8 31.9 9.6 
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20 27 43.2 27.3 16.2 
21 27.7 53.8 34.2 26.1 
22 25.3 54.6 29.8 29.3 
23 23.8 41 32 17.2 
24 26.6 38.4 28.9 11.8 
25 25.3 51.2 35.6 25.9 
26 24 45.9 34 21.9 
27 25.5 42.8 33.6 17.3 
28 26.7 42.2 31.8 15.5 
29 27.8 43.1 35.9 15.3 
30 27.5 38.7 33.8 11.2 
Table A3 - A table consisting of the raw data collected from the no sleeve, no nitrogen gas 
control cooling tests 
Cooling Test With Sleeve And No Nitrogen Gas 
Trial Starting Temperature Maximum Temperature End Temperature 
1 28.7 45.2 32.5 
2 30.1 44.8 34.8 
3 30.4 54.3 37.3 
4 30.2 37.4 34.2 
5 30.4 43.6 31.2 
6 29.1 43.6 32.5 
7 29.7 39.2 35.4 
8 25.4 31.4 28.4 
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9 25.5 46.3 28.9 
10 26 52.3 25.7 
11 34.1 53.8 33.6 
12 32.7 39.4 33.5 
13 28.6 33.8 33.6 
14 26.9 29.7 28.3 
15 27.6 35.1 30.8 
16 29 31.8 30.6 
17 30.9 32.3 31.4 
18 30.7 32.2 30.8 
19 29.5 32.5 30.2 
20 29.8 35.7 33.2 
Table A4 - A table consisting of the raw data collected from the with Sleeve and no nitrogen gas 
cooling tests 
Cooling Test With Sleeve And Nitrogen Gas 
Trial Starting Temperature Maximum Temperature End Temperature 
1 21 24 23.4 
2 21.7 23.7 22.8 
3 19.4 25.3 22.6 
4 19.8 25.1 24.3 
5 22.4 25.3 23.7 
6 22.1 25.1 24.2 
7 23.2 24.9 22.8 
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8 21.4 23.5 22.8 
9 20.5 26 24.9 
10 20 24.1 23.3 
11 21.5 26 24.5 
12 21 26.2 23.8 
13 20.8 26.3 23.9 
14 21 27.3 24 
15 21.3 25.1 23.9 
16 20.8 27.4 24.6 
17 24.6 28.3 26.2 
18 24.6 27.3 25.6 
19 22.1 25 24.3 
20 22.9 26.9 24.5 
Table A5 - A table consisting of the raw data collected from the with Sleeve and nitrogen gas 
cooling tests 
ANOVA Test Comparing The Three Cooling Test Experiments 
Source of 
Variation 
SS df MS F P-value F crit 
Between 
Groups 
1190.53776
2 
2 595.268881 18.5388862
7 
3.90853E-
07 
3.13376231
5 
Within Groups 2151.31666
7 
67 32.1092039
8 
      
Total 3341.85442
9 
69         
Table A6 - A table consisting of the data collected in ANOVA test 
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F-Test Comparing Sleeve With No N2 To Sleeve With N2 
Column1 Sleeve with no N2 Sleeve with N2 
Mean 10.455 4.035 
Variance 60.01523684 2.245552632 
Observations 20 20 
df 19 19 
F 26.72626595   
P(F<=f) one-tail 7.00808E-10   
F Critical one-tail 2.168251601   
Table A7 - A table consisting of a F-Test Two-Sample using data collected from the trials with a 
sleeve and no nitrogen gas cooling tests versus the data collected from with a sleeve and nitrogen 
gas cooling tests 
F-Test Comparing Control To Sleeve With N2 
Column1 Control Sleeve with N2 
Mean 13.98333333 4.035 
Variance 33.39178161 2.245552632 
Observations 30 20 
df 29 19 
F 14.87018435   
P(F<=f) one-tail 5.09886E-08   
F Critical one-tail 2.07721375   
Table A8 - A table consisting of a F-Test Two-Sample using data collected from the control trials 
with no sleeve and no nitrogen gas cooling tests versus the data collected from with a sleeve and 
nitrogen gas cooling tests 
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F-Test Comparing Control To Sleeve With No N2 
Column1 Control Sleeve with no N2 
Mean 13.98333333 10.455 
Variance 33.39178161 60.01523684 
Observations 30 20 
df 29 19 
F 0.5563884   
P(F<=f) one-tail 0.075261764   
F Critical one-tail 0.510687274   
Table A9 - A table consisting of a F-Test Two-Sample using data collected from the control trials 
with no sleeve and no nitrogen gas cooling tests versus the data collected from with a sleeve and 
no nitrogen gas cooling tests 
F-Test Comparing Plunging Without Sleeve To 
Plunging With Sleeve 
Column1 No Sleeve Sleeve 
Mean 21.352 11.103 
Variance 9.841002759 21.76891828 
Observations 30 30 
df 29 29 
F 0.452066687   
P(F<=f) one-tail 0.018187346   
F Critical one-tail 0.537399965   
Table A10 - A table consisting of a F-Test Two-Sample using data collected from the plunging 
depth measured when the sleeve was attached to the drill to when the sleeve was not attached 
to the drill 
32 
t-Test Comparing Sleeve With No N2 To Sleeve With N2 
Column1 Sleeve, No N2 Sleeve, N2 
Mean 10.455 4.035 
Variance 60.01523684 2.245552632 
Observations 20 20 
Hypothesized Mean Difference 0 
df 20 
t Stat 3.63867037 
P(T<=t) one-tail 0.000817315 
t Critical one-tail 1.724718243 
P(T<=t) two-tail 0.00163463 
t Critical two-tail 2.085963447 
Table A11 - A table consisting of a t-Test using data collected from the trials with a sleeve and no 
nitrogen gas cooling tests versus the data collected from with a sleeve and nitrogen gas cooling 
tests 
t-Test Comparing Control To Sleeve With N2 
Column1 Control Sleeve, N2 
Mean 13.98333333 4.035 
Variance 33.39178161 2.245552632 
Observations 30 20 
Hypothesized Mean Difference 0 
df 35 
t Stat 8.987161611 
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P(T<=t) one-tail 6.41676E-11   
t Critical one-tail 1.689572458   
P(T<=t) two-tail 1.28335E-10   
t Critical two-tail 2.030107928   
Table A12 - A table consisting of a t-Test using data collected from the control trials with no 
sleeve and no nitrogen gas cooling tests versus the data collected from with a sleeve and nitrogen 
gas cooling tests 
t-Test Comparing Control To Sleeve With No N2 
Column1 Control Sleeve, No N2 
Mean 13.98333333 10.455 
Variance 33.39178161 60.01523684 
Observations 30 20 
Hypothesized Mean Difference 0   
df 33   
t Stat 1.739589991   
P(T<=t) one-tail 0.04562598   
t Critical one-tail 1.692360309   
P(T<=t) two-tail 0.09125196   
t Critical two-tail 2.034515297   
Table A13 - A table consisting of a t-Test using data collected from the control trials with no 
sleeve and no nitrogen gas cooling tests versus the data collected from with a sleeve and no 
nitrogen gas cooling tests 
t-Test Comparing Plunging Depth Of Sleeve With No Sleeve 
Column1 No Sleeve Sleeve 
34 
Mean 21.352 11.103 
Variance 9.841002759 21.76891828 
Observations 30 30 
Pooled Variance 15.80496052 
Hypothesized Mean Difference 0 
df 58 
t Stat 9.984594116 
P(T<=t) one-tail 1.64325E-14 
t Critical one-tail 1.671552762 
P(T<=t) two-tail 3.2865E-14 
t Critical two-tail 2.001717484 
Table A14 - A table consisting of a t-Test using data collected from using data collected from the 
plunging depth measured when the sleeve was attached to the drill to when the sleeve was not 
attached to the drill 
